To assess the relative prognostic merits of 15 clinical and to predischarge exercise test variables, 226 patients who had sustained an acute myocardial infarction were studied. A submaximal treadmill test was performed on 205 patients to a mean work load of 5.7 ± 2.9 METS. Testing was performed an average of 11.7 (range 6 to 33) days after myocardial infarction. During the first year of observation, major cardiac events were noted in 33 patients ' : 16%), unstable angina in 7 (3.4%), recurrent myocardial infarction in 14 (6.8%) and death in 12 patients (5.9%). Cardiac mortality correlated with mean peak serum creatine kinase (CK) (p < 0.05), history of previous myocardial infarction (p < 0.01) and ST segment depression at rest (p < 0.01). The only exercise variable that correlated with cardiac mortality was poor exercise endurance (p < 0.05).
To assess the relative prognostic merits of 15 clinical and to predischarge exercise test variables, 226 patients who had sustained an acute myocardial infarction were studied. A submaximal treadmill test was performed on 205 patients to a mean work load of 5.7 ± 2.9 METS. Testing was performed an average of 11.7 (range 6 to 33) days after myocardial infarction. During the first year of observation, major cardiac events were noted in 33 patients ' : 16%), unstable angina in 7 (3.4%), recurrent myocardial infarction in 14 (6.8%) and death in 12 patients (5.9%). Cardiac mortality correlated with mean peak serum creatine kinase (CK) (p < 0.05), history of previous myocardial infarction (p < 0.01) and ST segment depression at rest (p < 0.01). The only exercise variable that correlated with cardiac mortality was poor exercise endurance (p < 0.05).
Multivariate risk stratification of clinical and treadmill variables from these 205 patients using linear discriminant analysis produced a function that correctly
The predictive implications of exercise testing are weIl established in large numbers of patients with chronic coronary artery disease ( I). However. recent studies (2) (3) (4) (5) (6) differ with respect to the prognostic value of stress testing performed before discharge after acute myocardial infarction. Differences in patient selection criteria, treadmiIl stress test protocols. combinations of electrocardiographic leads monitored, drugs used concurrently. exertional end points and definition of cardiac events are likely to cause disparate results. We designed this study to determine the usefulness and limitations of predischarge stress testing soon after myo-classified 95% of those who were event-free and 80% of those who died. The first four discriminant variables that contributed independent information for the prediction of cardiac mortality were: 1) ST segment depression at rest; 2) CK greater than 1,280 IV/liter; 3) exercise duration less than 3 minutes; and 4) a history of previous myocardial infarction. ST segment depression on the predischarge treadmill test did not predict any event, nor did it improve the predictive accuracy of the clinical variables.
It is concluded that a history of previous myocardial infarction and ST segment depression on the rest electrocardiogram indicate a poor prognosis after acute myocardial infarction. Poor endurance is the only exercise variable that suggests a future cardiac event. Prognosis after acute myocardial infarction is more accurately predicted by these clinical data than by variables derived from the predischarge treadmill test. cardial infarction for predicting outcome when compared with the standard clinical characteristics.
While some investigations readily attest to the safety of performing a treadmiIl test soon after myocardial infarction, enthusiasm for its routine use has not been supported by a consensus defining which exercise variables, if any, are clinicaIly useful predictors (2) (3) (4) (5) (6) . Sudden cardiac death in the year after acute myocardial infarction is predicted by treadmiIl-induced ST segment depression by some studies (7, 8) . However, other investigators (4) (5) (6) report that cardiac mortality is more strongly correlated with nonelectrocardiographic characteristics of stress testing, namely, exercise duration or exertional blood pressure response. A major ventricular arrhythmia was associated with reduced survival in other recent prognostic studies of postmyocardial infarction patients (1, 9) .
This study was designed to include all patients who could perform a treadmill test after acute myocardial infarction to I) determine which exercise characteristics are clinicaIly useful predictors of subsequent coronary events, and 2) rank PROGNOSIS A profile of each participant was produced from clinical descriptors compiled from pertinent aspects of the history and physical examination and the initial laboratory investigation. These clinical variables were collected by the participating physicians and recorded on mark-sense sheets for computer tabulation.
Excluded from evaluation were patients over 70 years of age, those exhibiting chest pain at rest more than 1 week after infarction or advanced heart failure and those with a physical handicap or serious intercurrent illness. We also excluded patients who were transferred from other hospitals in an effort to assemble a study group that was representative of general hospital patients convalescing from acute myocardial infarction.
The mean age of the 186 men and 40 women enrolled in this study was 55.7 ± 8.6 years (range 26 to 69). Of the 205 patients performing an exercise test, 133 were in Killip class I, 63 in class II, 9 in class III and none in class IV. The site of acute myocardial infarction was anterior in 33%, inferior in 45% and nontransmural in 22%. The mean peak CK was 1,455 ± 900 IV/liter (normal = 10 to 120) and the mean peak SGOT was 183 ± 111 Il.l/liter (normal = 10 to 50). At the time of the test, 33 patients were taking digoxin, 38 were taking a beta-adrenergic blocking agent alone and 12 were taking an antiarrhythmic agent; 11 patients were receiving a combination of drugs.
Treadmill protocol. Exercise testing was performed just before discharge by ambulatory patients using a standard Bruce protocol (7). A control monitoring interval of 5 minutes permitted assessment of arrhythmias at rest. Leads VI, V S and aVF were monitored continuously throughout exercise and recovery until control values were achieved. Arrhythmias were detected by continuous monitoring and recorded in real time. Ventricular arrhythmias during exercise and recovery were classified as "simple" when ventricular premature complexes were isolated and unifocal. "Complex" ventricular premature complexes occurred when ectopic beats were multiform or occurred in pairs or salvos of three or more. Exercise was started at a work load of 4 METS and increased every 3 minutes. The cuff blood pressure and 12 lead electrocardiogram were recorded at rest and every 3 minutes during exercise, at peak exertion and 3 and 6 minutes into recovery.
Horizontal ST segment depression below the rest baseline in any lead of at least 1 mm was considered an ischemic response. Slow upsloping ST segment depression 1.5 mm below baseline 80 ms after the J point was judged positive.
A poor blood pressure response occurred if a patient exercised at least 3 minutes, but systolic pressure failed to increase more than 10 mm Hg, maximal systolic pressure did not increase to 130 mm Hg or blood pressure decreased 20 mm Hg below the peak value attained.
Follow-up. Patients were interviewed by one of the investigators who completed a follow-up data record at 3, 6 and 12 months after acute myocardial infarction. No patient was lost to follow-up.
Cardiac events during this interval were classified as sudden death, recurrent acute myocardial infarction and unstable angina. Death was considered sudden if it occurred within 24 hours of the onset of symptoms. Next of kin were interviewed, and, where available, hospital and autopsy records were scrutinized. Recurrent acute myocardial infarction was diagnosed by the same criteria as for the index acute infarction. Unstable angina was defined as typical ischemic chest pain occurring at rest or with such increasing severity and duration that hospital admission was required. A hierarchy of cardiac events was established whereby only the single most serious complication was accredited to each patient.
Analysis of data; The study was designed to investigate the hypothesis that predischarge treadmill testing soon after myocardial infarction adds substantially to clinical characteristics in predicting further cardiac events. We studied cardiac mortality within 1 year as the primary outcome, but the incidence of subsequent acute myocardial infarction and unstable angina were also coronary events of interest.
The model used is the multiple logistic function. In this model, the probability of cardiac mortality at 1 year is related to the risk variables before discharge by the logistic function (8) . The stepwise fitting of the multiple logistic function was achieved by the use of linear discriminant analysis (10) . A particular variable was retained in the model if its contribution was statistically significant at the 5% level Among the 205 patients undergoing treadmill testing, a 1 year mortality rate of 5.9% was documented. Follow-up was complete for all patients. Eleven deaths were sudden and one occurred after progressive heart failure after a recurrent myocardial infarction. Death occurred during the first 3 months of follow-up in five patients, during 3 to 6 months in three patients and during 6 to 12 months in four patients. Recurrent myocardial infarction occurred in 6.8% of patients and 3.4% were rehospitalized for unstable angina. At least one major cardiac event was documented in 16% of the participants during the first year after a myocardial infarction. Coronary bypass grafting was performed on 24 patients (11.7%). Further analysis was not performed on these 24 patients who experienced this unique end point as measured by the reduction in error variance, after adjusting for the variables already included. This method has been shown to produce essentially the same variables in the same order as the maximal likelihood ratio (11,12). The selection order of variables gave the relative importance of these variables in the prediction of probability of death.
Patients with missing observations in one or more variables considered for the model were excluded from the analysis. Because such patients involved less than 5% of the total study group, we do not expect this exclusion to induce any appreciable bias in the results. In fact, when we replace these missing values by the group mean, the results are not changed in any important aspect.
Once a set of variables has been selected for inclusion in the multiple logistic function, their regression coefficients are estimated by the method of maximal likelihood. The magnitude and sign of these coefficients indicate the relative importance of the variables in predicting probability of outcome while adjusting for other variables in the model. This does not give any indication of the effect of the variable by itself on the prediction of probability because of its correlation with other variables.
To test the usefulness of variables by themselves in predicting probability, univariate analysis was also carried out. This involved the contingency table analysis by chi-square when the variables were dichotomous, and the comparison of mean values by the t test when the variables were continuous. When the expected value of anyone cell of the contingency table was less than 5, a Fisher's exact test was used. The statistical significance of these variables was tested at the 5% level. Note that a variable that is not significant by itself may show up in the multiple logistic function and vice versa because of the interrelations among variables. We aiso computed the relative risk of these variables for cardiac death at I year. For continuous variables, this value was obtained by dichotomizing the variables at a cut-off point previously used by us or other investigators or, in their absence, by the group median.
To rest the predictive ability of the model, the probability of mortality at 1 year was calculated for each patient, and each was classified as surviving if this probability was less than (I 5. The percent of the patients correctly classified was then computed as a guide to the adequacy of the model. The classification was done by the jackknife method where the regression coefficients are calculated, leaving one patient out of the analysis, and the resulting coefficients used to classi fy the patient. This is done to reduce the bias in estimating the percent of correct classification for the same patient from whom the function is estimated. Treadmill results. The exercise test using a Bruce protocol was symptom-limited in 88.8% of patients. The arbitrary limit of 85% of the maximal predicted heart rate was achieved by only 11.2% of patients. A poor chronotropic response may be attributed to treatment with beta-adrenergic blocking agents in 44 patients.
Results

Clinical characteristics.
Exercise testing was discontinued when one of the following end points was reached: fatigue, dyspnea or dizziness (61%), ischemic chest pain (11%), ST segment deviation of 5 mm or more (14%), arrhythmia (3%) or attainment of 85% of maximal predicted heart rate (11%). A decrease in blood pressure did not provoke termination of exercise in any patient.
Characteristics of the postinfarction treadmill test are detailed in Table 2 . Exercise-induced ST segment depression of 1 mm or more occurred in 46.3% of the patients. Definite or probable angina was provoked at an average work load of 5.3 METS in 22.9% of the tests. Poor exercise tolerance reflected by endurance of not more than 3 minutes of the protocol was encountered in 17.6% of patients and exertional hypotension was noted in 17.1%. Simple ventricular ectopic activity was provoked in 33.2% of patients and complex ectopic beats emerged in 11.2%.
An unavoidable selection bias is imposed by the requirement that patients perform predischarge exercise tests. Only 12 (5.9%) of 205 patients died who performed an exercise test compared with 4 (31%) of 13 patients who were medically disqualified because of heart failure or physical infirmity (p < 0.001). Relation of treadmill characteristics to cardiac events. The principal cardiac events of angina, recurrent myocardial infarction and death documented during the first year of observation are correlated with the predischarge stress test variables in Table 3 .
ST segment responses. Neither the presence nor the severity of ST segment depression predicted any of the principal cardiac events in this group of patients. The predictive value of a positive exercise test for mortality at 1 year was only 3.2% compared with an overall morality rate of 5.9%, The sensitivity and specificity of a positive test for death were 25 and 52.4%, respectively. The rate of ST depression of 1 mm or more decreased from 46.3% when 11 standard leads were measured to 17.7% when analysis was restricted to lead V5. The predictive value for cardiac death of 1 mm or more ST depression in lead V 5 alone was 2.8% in 1 year.
ST depression versus exercise duration. To determine if exercise duration and the magnitudeof ST depressionachieved were associated with cardiac events, each stage of exercise was analyzed for the relation between the degree of ST depression and cardiac mortality, There was a tendency for complications to occur in patients with poor exercise tolerance (Fig. 1) . The degree of ST segment depression failed to improve the selection of high risk patients within each stage of exercise. In these patients, a strongly positive exercise test at low work loads was no more predictive of outcome then a negative or weakly positive test.
ST deviations and site of infarction. Depression of the ST segment was more commonly associated with inferior wall myocardial infarction (65.2%) than was anterior wall injury (17.6%)(p < 0.001). Among patients with inferior myocardial infarction, ST segment changes occurred in areas remote from the infarct, that is, ST depression in the precordial leads. However, among patients with anterior injury, ST segment elevation tended to occur in the precordial leads corresponding to the site of infarction (76.2%), while ST depression occurred less frequently in the inferior leads (17.6%) (p<O. 00 1). Outcome did not correlate with the site of ST shift, whether ST elevation at the site of injury or ST depression remote from the infarction.
Nonelectrocardiographic exercise variables. Angina during exercise tests. During 1 year of observation, chronic stable angina was reported by 74.5% of patients who developed it on the predischarge test compared with 33.5% in patients who were pain-free during the test (p < 0.01). Predischarge exertional angina failed to predict the likelihood of readmission for unstable angina and was not associated with recurrent myocardial infarction or death.
Exercise endurance. Grouped according to the highest stage achieved, exercise endurance and degree of ST depression are compared with cardiac mortality in Figure 1 . There were no deaths among the patients exercising at least 6 minutes, compared with a 14% mortality rate for patients unable to exercise more than 3 minutes (p < 0.01). Alternatively, the mean exercise duration was 302 ± 112 seconds for survivors , compared with 212 ± 74 seconds for patients who died (p < 0.01).
Blood pressure response. This response is closely related co exercise duration . As such, a poor blood pressure response tended to occur among patients with a poor en-50 durance . A normal blood pressure response predicted a low mortality rate of 2.3% (Table 3) . A poor blood pressure response among patients exercising 3 minutes or more was associated with an 8.6% mortality rate, which was not statistically differe nt from the 5.9% overall I year mortality rate. However, assessment of blood pressure response was considered "inadequate" when a patient failed to completẽ 
stage I of the Bruce protocol. Among these patients , the I year mortality rate was 15%.
Ventricular arrhythmias. Complex ventricular activity was correlated with recurrent myocardial infarction in 3 (13%) of 23 patients, compared with II (16%) of 182 patients who exhibited only simple ectopic beats or none at all (p > 0 .05) ( Table 3 ). This trend did not reach statistical significance , however, because of the small number of patients in this analysis.
Linear discriminant analysis of clinical and treadmill variables. Prognostic stratification was applied to 15 clinical characteristics and 10 variables recorded during the treadmill test using linear discriminant analysis (Tables 4  and 5 ). A linear discriminant function was produced from a subset of these variables that correctly classified 93% of those who were free of events and 80% of the patients who died. The stepwise multivariate approach selected clinical and exercise variables that enhance the predictive ability of the function to identify high and low risk patients. The statistical significance of the selected variables was verified by Hotelling's T 2 at a p value less than 0 .05. Cardiac death . The probability of death was estimated using the multiple logistic function which was determined by linear discriminant analysis (Table 6 ). Using these probability estimates and classifying those with a probability greater than 0.5 to die, 80% of the deaths and 93% of those who were free of events were correctly classified. However , the estimate s of correct classification tend to be favorably biased because the calculation of coefficients and the classification are derived from the same data. To minimize this tendency, a jackknife procedure was used that adjusted the correct classificationto 58 and 88%, respectively. The strength of association of these selected variables with cardiac death was also tested individually for statistical significance by the chi-square or Fisher's exact test , where appropriate.
The presence of ST depression on the rest electrocardiogram and a history of previous myocardial infarction ranked higher than any treadmill variable for strength of association with cardiac mortality (p < 0.01) . The relative risk of dying when these factors were considered (ignoring all other factors) was 5.36 and 3.23 , respectively (Table 6 ). Exercise endurance during treadmill testing was ranked lower , but retained statistical significance for association with mortality (p < 0.05 ). In this model , maximal heart rate during exercise may be substituted for exercise duration without altering the selection process because of the high correlation between the two variables. ST segment depression on the treadmill did not predict any event , nor did it improve the predictive accuracy of the clinical variables . Multiple linear regression analysis ranked the same variables in the same order as did the discriminant function for predicting mortality. The linear multivariate analysis techniques are designed to identify the relative importance of clinical characteristics that correctly classify patients with regard to surviving or dying within 1 year after myocardial infarction. However, in this analysis, only one treadmill variable, exercise duration, contributed to the predictive accuracy of the discriminant function .
Effect of digitalis. The effect of digitalis on ST depression at rest merits special attention . Among 31 patients taking digitalis, 7(26%) had ST segment depression at rest, compared with 19 (11%) of 172 patients not taking a glucoside (p = 0.08) . Although ST depression on the rest electrocardiogram tended to be associated with use of digitalis , the small sample size precludes statistical confirmation . Digitalis use did not affect the rate of ischemic response during exercise testing .
Outcome was analyzed for patients with ST depression at rest with respect to digitalis use. Among the 7 patients with ST depression at rest taking digitalis, 3(43%) died, compared with none of the 19 patients with ST depression at rest who were not taking digitalis. Although the sample size was small, this observation provokes speculation con- ceming the relation of digitalis use and cardiac mortality in patients with residual ST depression after acute myocardial infarction.
Discussion
Clinical Characteristics
A number of studies (2) (3) (4) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) have examined the prognostic value of exercise testing soon after myocardial infarction. However, there remains much discrepancy regarding which variables are reliable predictors of future events. Factors that may influence the predictive accuracy of exercise testing in postinfarction patients include selection characteristics of the study groups, medications at the time of the exercise test, stress test protocol, lead system used during the test and exertional end points concluding the test. Furthermore, timing of the test after myocardial infarction and the definition of cardiac events, such as unstable angina, could influence results. The manner in which cardiac events are grouped together for correlation with exercise characteristics frequently determines the conclusions drawn.
We endeavored to minimize undue bias in patient selection. Patients transferred from other hospitals were not enrolled in the study. This was done to exclude a subset of high risk patients that would unduly bias selection of our study group. We wished to be able to generalize from our patient series to a group of patients seeking primary care at the level of an urban general hospital. However, a degree of bias is imposed by the requirements of the predischarge treadmill protocol after myocardial infarction. This is suggested by the observation that patients who underwent exercise testing before discharge had a significantly lower mortality than those who were medically disqualified (5.8 versus 31%).
Predictive value of exercise testing. Clearly, early exercise testing has little to add as a predictor of outcome in patients with overt congestive heart failure secondary to advanced left ventricular dysfunction. The main objective of predischarge exercise testing is to identify a high risk subset among patients known to be at low or intermediate risk. In this context, the predictive value of a treadmill variable would have to be very great to serve as a reliable guide to therapeutic decisions involving individual patients. The 1 year mortality rate of 5.9% in patients who could exercise in our study is intermediate between the 2.2 and 9.5% mortality rates reported in other studies (2,3).
Role of digitalis and ST depression at rest. Medications like digitalis, beta-adrenergic blocking agents and antiarrhythmic drugs were used in 41% of our patients. .Although known to influence certain exercise variables, they have been used in other studies (2) (3) (4) attesting to the predictive usefulness of predischarge exercise testing. Digitalis, taken by 16% of our patients, did not influence the proportion of patients with a positive ischemic response in our study. However, compared with patients not taking digitalis, patients taking digitalis tended to have ST depression on the rest electrocardiogram 2 weeks after myocardial infarction. Moreover, the mortality rate among the few patients taking digitalis with ST depression at rest was 43%. Digitalis and ST segment depression at rest are probably covariables reflecting the adverse effect of left ventricular dysfunction on survival. The mortality rate among all patients known to be taking digitalis at discharge was 15.2%. This drug reflects the reality of therapy in patients convalescing from a myocardial infarction. Drug withdrawal as a precondition for admission to this type of study would result in a highly selected low risk group of patients poorly generalizable to the usual convalescing postinfarction patient (13) .
Roleof exercise protocol. The type of exercise protocol employed is another source of variation among reported studies. Using a standard Bruce protocol within 2 weeks of the index event, our highly ambulatory participants achieved a mean work load of 5.7 ± 2.9 METS. This is a more PROGNOSIS 
strenuous protocol than usually reported (2) (3) (4) (13) (14) (15) (16) (17) (18) (19) (20) . However , in our experience it was practical and safe.
Timing of exercise protocol. The timing of an exerci se test soon after an acute myocardial infarction may have an important bearing on results. Ventricular function is rapidly chang ing while connective tissue replaces inflammation, as collateral vessels develop and the relation between myocardial oxygen supply and demand improves. DeBusk et al. (21) suggested that an exercise test performed 3 weeks after acute myocardial infarction is optimally timed to anticipate subsequent coronary events. As a practical consideration to help achieve a high level of participation among our patients , we scheduled a stress test to coincide with complete ambulation just before discharge. Within 2 weeks of infarction, 72% of our patients exercised until limited by fatigue, dyspnea or angina without iII effect. We assert that a symptomlimited exercise test 2 weeks after an uncomplicated infarction can be performed safely .
Treadmill Test Results
Electrocardiographic response. Contrary to previous reports (2, 3, 15) , neither the time of onset nor the degree of ST segment depression provoked by early exercise testing was correlated with a recurrent myocardial event in our study . Among patients with a negative ischemic response, 8 .3% died during the first year, compared with 6.7% among those who had a strongly positive test with 2 mm or more ST segment depression (Table 3) . None of the patients who developed I to 1.9 mm ST segment depression died within I year. This contradicts the predict ive power of a positive ischemic response reported by Theroux et al. (2) . The incon sistency of ST segment depres sion as a predictor of cardiac events is reiterated by other studies (3, 4, 14) . The prognostic usefulness of this exerci se variable in patients soon after myocardial infarction must be seriously questioned.
Although the discrepancy concerning ST depression as a predictor of future outcome cannot be resolved with the information available, Theroux et al. (2) suggested that a low level exercise test is more likely to predict the patients at higher risk. However, when we select a work load of 5 METS, the proportion of patients with I mm or more ST segment depression is 18%, compared with 46.3% for our submaximal Bruce protocol. Although most cardiac events occurred among patients with a poorer exercise tolerance, in our study ST segment depression at the lower work load failed to increase the predictive power of the test.
In an attempt to reconcile the conflicting claims for the progno stic usefulness of ST segment shifts in this setting , we analyzed the association of several clinical and exercise variables with ST changes . The site of the myocardial infarction greatly influenced the exerci se ST response. In our study , among 160 patients with transmural myocardial infarction, 65.2% of those with inferior infarction had I mm or more ST depression, compared with only 17.6% with anterior myocardial infarction (p < 0.01). As reflected by higher peak serum CK values, patients with anterior wall myocardial infarction tend to have more extensive necrosis than those with inferior wall infarction, yet these patient s are less likely to develop a positive exercise test. Consequentl y, the exercise test is considerabl y less sensitive in detecting ischemic ST depression among patients who have sustained a large infarct and are expected to be at a higher risk , namely , those with anterior wall myocardial infarction . Hence , the proportion of anterior versus inferior wall infarcts in a study group may influence not only the rate of positive ischemic ST responses, but also the prognostic outcome .
Weld et al. (4) stated that if a study group is selected to include a large number of patients with moderately advanced left ventricular dysfunction, the predictive value of ST depre ssion diminishes relative to other exercise variables that better reflect poor ventricular reserve . However, studies (2, 4) with similar I year postinfarction mortality rates reflecting comparable groups of patients draw quite different conclu sions with respect to the predictive value of ST depression. Our study is in accord with the view of Weld and other investigators (4, 14,2 2) who hold that exercise ST depre ssion is a relatively insensitive predictor of cardiac mortality during the first year after acute myocardial infarction. Neither the time of onset nor the slope or magnitude of ST depression improved the selection of high risk patients. The electrocardiographic expression of residual myocardial ischemia remains elusive as a predictor of subsequent coronary events.
Nonelectrocardiographic exercise variables. Angina provoked by the predischarge exercise test was a reliable predictor of chronic stable angina during follow-up. However, it failed to predict unstable angina, recurrent myocardial infarction or death. The limited role of exertional angina as a predictor of outcome is confirmed by most previou s reports (2, 4, 23) . This is not surprising when considering that angina is a subjectively assessed symptom and that ischem ic may occur in the absence of chest pain .
The only treadmill variable significantly correlated with cardiac death in the first year after myocardial infarction was exercise duration. Associated with ventricular dysfunction, poor endurance was a marker of a poor outcome in the postmyocardial infarction study of Weld et al. (4) . Our data indicate an excellent outcome for patients who achieved stage III of the Bruce protocol despite the presence of ST depres sion, arrhythmia or poor blood pressure response. The prognostic importance of exerci se tolerance is also buttressed by recent observations in patients with chronic coronary disease . Among men with profound ST depre ssion, Podrid et al. (24) found that survival correlated with exercise tolerance, but not with the degree of ST depression, peak heart rate or blood pressure during exercise. While tabulating an annual mortality rate of 1.4%, they concluded that 51 depression is not associated with a poor prognosis.
The correlation of survival with exercise duration among patient> with a strongly positive electrocardiogram is also supported by Dagenais et al . (25) . Our observations in the postmyocardial infarction patient agree with the relation betwe en poor endurance and poor outcome already established in the setting of chronic ischemic heart disease . The cumulative amount of myocardial damage is the common denominator for poor survival after acute infarction .
POI'r blood pressure response, defined as a systolic pressure less than 130 mm Hg during maximal exercise, has been related to a poor prognosis (5, 26, 27) . In our study , blood pressure response and exercise duration were closely associated. When considering patients who could exercise longer than 3 minutes, a good blood pressure response was related to good exercise tolerance and a favorable outcome. However, a poor blood pressure response failed to identify a high risk subset among these patients.
Ventricular irritability. Ventricular ectopic activity provoked by the predischarge exercise test did not predict increased I year mortality in our study . Our data show that complex ventricular ectopic activity was twice as predictive of recurrent myocardial infarction (13%) as was simple ventricular ectopic activity (6%) ( Table 3) . Subsequent cardiac mortality has been associated with exercise-induced ventricular ectopic activity by some investigations (2, 4, 18, 24) but not others (17) . It appears to be a more powerfu I predicto: of outcome when associated with ventricular dysfunction (27 ,28) . Accordingly, exercise-induced ventricular ectopic activity in a group of relatively low risk patients does 10t yield clinically useful prognostic information. Despite these inconsistencies, there is evidence to support the view that serious complex ventricular ectopic activity detected by dynamic monitoring late in the hospital phase after myo. urdial infarction is an independent risk factor for coronary mortality (29). Although ventricular arrhythmias may have independent predictive power, other factors have a more important influence on outcome, namely, the degree of ventricular dysfunction and the extent of residual coronary artery disease. The contribution of exercise testing early after myocardial infarction in predicting survival depend s more on its ability to reveal cardiac dysfunction than on it~ability to expose ventricular irritability.
Comparison of Clinical and Exercise Variables
There are numerous studies assessing only clinical variable s to predict outcome using multivariate methods . Once again , factors that reflect poor ventricular function , such as congestive heart failure , previous myocardial infartion , admission systolic blood pressure less than 100 mm Hg and high peak serum CK, are associated with a poor prognosis (l7 ,30,31). From an assessment of three different multivariate methods performed by Madsen et al. (30) , heart failure was selected as the first variable to predict death by all these analyses (30) . The scheme established from the original group of patients was validated on a separate group of patients and both the Cox model and discriminant function analyses were able to correctly predict over half the new myocardial infarctions within I year. However, estimation of the probability of death in the individual patient was performed best by the Cox model in the study of Madsen et al.
Techniques of multivariate analysis are well suited for comparing the clinical and exercise variables used to stratify patients after myocardial infarction . When a number of clinical predictors are interdependent, the relation between these variables is best analyzed by multivariate methods (4, (8) (9) (10) 22, 30) . A linear discriminant function was produced from our data that correctly classified 93% of those who were free of events and 80% of those who died. These estimates of correct classification are favorably biased because they result from coefficients that are derived from the same data. Consequently, our discriminant function and the predictors it selects need to be validated by repeat analysis of an independent group of patients. In Table 6 , the discriminant coefficients are ranked in descending order of importance with respect to the additional independent information that each variable contributes to the predictive power of the function after controlling for other variables alread y in the model. In this analy sis, ST segment depression on the rest electrocardiogram and the mean peak serum CK determined at the time of infarction ranked higher for strength of association with mortality than did exercise duration and a history of previous myocardial infarction . Use of digitalis was not selected in this stepwise procedure because of the relation with other risk factors.
Duration of exercise and ventricular dysfunction. We agree with the findings of other postinfarction exercise studies (4, 22, 30) , in which endurance was selected by multivariate analysis as the exercise variable best able to predict outcome. Weld et al. (4) found that exercise duration, as well as the frequency of ventricular ectopic activity and ST segment deviation , was associated with cardiac death by logistic regression analy sis . However, our data support the view that exercise endurance is the only treadmill test variable that reliably predicts survival. Madsen et al. (22) reported that among the eight exercise characteristics analyzed by Cox ' s model , duration of work was the only significant variable (p < 0.00 I) that contributed prognostic information . Other clinical data were not included in their multivariate analysis so that a comparison of clinical and exercise variables was not possible . In our experience, when clinical and exercise data are incorporated in the analysis, at least two clinical variables are ranked ahead of any exercise variable , namely, ST segment depression on the rest electrocardiogram and mean peak serum CK . Although a comparison of postinfarction prognostic studies is fraught with PROGNOSIS AFTER MYOCARDIAL INFARCTION lACC Vol. 4, No.3 September 1984:477-86 problems, a common denominator emerges which selects ventricular dysfunction as the most fundamental determinant of outcome.
Conclusions
Both univariate and multivariate methods were used to analyze a combination of clinical and treadmill variables for prediction of outcome after myocardial infarction. Factors that reflect cumulative left ventricular damage were among the best predictors of mortality within I year of infarction. Although early postinfarction treadmill testing may provide a safe and useful method of assessing functional capacity, in this context it is a weak predictor of subsequent cardiac events. Among treadmill characteristics, only exertional endurance correlated with cardiac mortality within the first year. Exercise-induced depression of the ST segment was not useful in predicting outcome. The clinical variables of ST depression on the rest electrocardiogram and mean peak serum CK ranked ahead of any treadmill characteristic for association with cardiac mortality when compared by multivariate analysis. The limited prognostic value of predischarge treadmill testing after myocardial infarction does not justify its routine use for this purpose.
